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DESCRIPTION 

CURABLE SILICONE COMPOSITION AND ELECTRONIC COMPONENT 
Technical Field 

[0001] The present invention relates to a curable silicone composition and to an 
5 electronic component. More specifically, the invention relates to a curable silicone 

composition that, along with low viscosity, exhibits excellent handleability and curability 
and that, when cured, forms a cured body that, along with excellent flexibility and low 
specific gravity, possesses high thermal conductivity. The invention also relates to an 
electronic component that is sealed or adhesively bonded with use of a cured body of the 
1 0 aforementioned composition and that provides excellent reliability. 

Background Axt 

[0002] It has been proposed to use a curable epoxy resin composition that contains a 
thermally conductive powder as a sealing or adhesive agent capable of efficiently 
transmitting heat generated by electronic components. However, since a cured body of 
1 5 such a composition has a high modulus of elasticity and is rigid, it was proposed to add an 
epoxy-containing organopolysiloxane (see Japanese Unexamined Patent Application 
Publication (hereinafter referred to as "Kokai") H05-295084). 

[0003] However, a curable epoxy resin composition that includes an epoxy-containing 
organopolysiloxane is still too rigid and does not provide the required stress reduction. 
20 Therefore, use of such a composition in conjunction with electronic components is limited 
because it causes warping of the electronic components and cracking of a cured body of 
the composition, whereby gaps may occur between the cured body of the composition and 
the electronic component. 

[0004] It has been proposed to solve the above problem by preparing curable silicone 
25 compositions comprising epoxy-containing organopolysiloxanes and curing agents (see 
Kokai H05-320514, Kokai H07-53870 and Kokai 2005-1 54766). In order to form cured 
bodies with high thermal conductivity properties, such compositions normally contain a 
large amount of a thermally conductive metal powder, in particular, a silver powder. This 
increased the cost and specific gravity. On the other hand, in order to obtain a thermally 
30 conductive cured body and to reduce the production cost, it is possible to combine the 
composition with a thermally conductive nonmetal powder, a typical representative of 
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which is alumina. However, the addition of alumina makes the composition too viscous 
and impairs handleability of the composition. 

[0005] It is an object of the present invention to provide a curable silicone composition 
that, along with low viscosity, exhibits excellent industrial handleability and curability and 
5 that, when cured, forms a cured body that, along with flexibility and low specific gravity, 
possesses excellent thermal conductivity. It is another object to provide an electronic 
component that is sealed or adhesively bonded by means of a cured body of the 
aforementioned composition and that acquires high reliability. 

Disclosure of Invention 

10 [0006] A curable silicone composition of the present invention is characterized by 
comprising at least the following components: (A) an epoxy-containing 
organopolysiloxane; (B) a curing agent for an epoxy resin; (C) a thermally conductive 
metal powder; and (D) a thermally conductive nonmetal powder. And an electronic 
component of the invention is characterized by being sealed or adhesively bonded with use 

15 of a cured body obtained by curing the aforementioned curable silicone composition, 

Effects of Invention 

[0007] A curable silicone composition of the invention exhibits low viscosity, and 
excellent handleability and curability, and when cured, forms a cured body of excellent 
flexibility, low specific gravity, and high thermal conductivity. Furthermore, since the 
20 curable composition of the invention possesses excellent ctirability, it allows shortening of 
heating time, curing at reduced temperatures, and decreasing of internal stress caused by 
thermal expansion. Moreover, since the electronic component of the invention is sealed or 
bonded with a cured body of the composition, it acquired high reliability. 

Brief Description of the Drawings 
25 [0008] Fig. 1 is a sectional view of an LSI as an example of an electronic component 
of the present invention. 
Reference numerals: 

1 semiconductor element 

2 substrate 

30 3 ball-grid array 

4 heat spreader 

5 thermal-transfer material 
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6 heat sink 

7 thermal-transfer material 

Detailed Description of the Invention 

[0009] Let us first consider in details a curable silicone composition of the invention. 
5 [0010) The epoxy-containing organopolysiloxane that constitutes component (A) is 
one of the main components of the composition. There are no special restrictions with 
regard to this component, provided that it contains in one molecule at least one epoxy ., 
group. However, it is preferable to use component (A) that comprises (Ai) an epoxy- 
containing organopolysiloxane represented by the following average unit formula: 

1 0 (R'3SiO,/2), (RSSi02/2)b (R'Si03/2)c 

and/or (A2) an epoxy-containing organopolysiloxane represented by the following general 
formula: 

A-R^-(R^SiO),n R^Si-R^-A. 
[0011] In the above formula of constituent (Ai), R', R^ and R^ are the same or 

1 5 different and comprise optionally substituted monovalent hydrocarbon groups or epoxy- 
containing monovalent organic groups. The monovalent hydrocarbon groups can be 
exemplified by methyl, ethyl, propyl, butyl, pentyl, or similar alkyl groups; vinyl, allyl, 
butenyl, pentenyl, hexenyl, or similar alkenyl groups; phenyl, tolyl, xylyl, or similar aryl 
groups; benzyl, phenethyl, or similar aralkyl groups; and chloromethyl, 3,3,3- 

20 trifluoropropyl, or similar halogen-substituted alkyl groups. Of these groups, most 

preferable are alkyl and aryl groups, especially methyl and phenyl groups. The epoxy- 
containing monovalent organic groups can be exemplified by 2-glycidoxyethyl, 

3- glycidoxypropyl, 4-glycidoxybutyl, or similar glycidoxyalkyl groups; 

2- (3,4-epoxycyclohexyl) ethyl, 3-(3,4-epoxycyclohexyl) propyl, 2-(3,4-epoxy-3- 
25 methylcyclohexyl)-2-methyiethyl, or similar epoxycycloalkylalkyl groups; and 

4- oxirahylbuty}, 8-oxiranyloctyl, or similar oxiranylalkyl groups. Of these groups, most 
preferable are glycidoxyalkyl and epoxycycloalkylalkyl groups, especially 

3- glycidoxypropyl and 2-(3,4-epoxycyclohexyl) ethyl groups. In the above formula, at 
least two of groups of one molecule designated by R', R^, and R^ are the aforementioned 

30 epoxy-containing monovalent organic groups. 

[0012] In one molecule, at least 20 mole %, preferably at least 50 mole%, and even 
more preferably at least 80 mole %, of all groups represented by R"' are aryl groups. If the 
content of aryl groups out of all groups represented by R^ in one molecule is less than the 
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recommended lower limit, this will either impair adhesion of the cured body obtained from 
the composition, or reduce mechanical properties of the cured body. It is preferable that the 
aforementioned aryl groups be phenyl groups. 

[0013] Furthermore, in the above formula, "a", "b", and "c" are numbers which should 
5 satisfy the following conditions: 0 < a < 0.8; 0 < b < 0.8; 0,2 < c < 0.9; and a + b + c = 1 . 
In the above fonnula, "a" is a number that shows the ratio of siloxane units of formula 
R'sSiOt/z- If this component is composed only of siloxane units of formula R^SiOia, it 
becomes too viscous, and this will impair handleability of the obtained composition. 
Therefore, it is preferable to satisfy the following condition: 0 < a < 0.8, preferably 

10 0.3 < a < 0.8. In the above formula, "b" is a number that shows the ratio of siloxane vmits 
of formula R*^2Si02/2. In order to impart to this component an appropriate molecular 
weight, prevent bleeding of this component to the surface of the obtained cured body, and 
to provide the cure body with excellent mechanical strength, the following condition 
should be satisfied: 0 < h < 0.6. In the above formula, "c" is a number that shows the 

] 5 ratio of siloxane units of formula R^SiO,v2. In order to improve handleability of the 

composition, as well as improved adhesive properties, mechanical strength, and flexibility 
of the cured body, the following condition should be satisfied: 0.4 < c < 0.9. 
[0014] There are no special restrictions with regard to the amounts in which the 
epoxy-containing monovalent organic group can be contained in constituent (Ai), but it is 

20 desirable that the epoxy equivalent (which is a number obtained by dividing the mass- 
average molecular weight of this component by the number of epoxy groups in one 
molecule) of the aforementioned component be in the range of 100 to 2,000, preferably 
1 00 to 1 ,000, and most preferably 1 00 to 700. If the epoxy equivalent is below the 
recommended lower limit, this will impair flexibility of the obtained cured body, and if the 

25 epoxy equivalent exceeds the recommended upper limit, this will reduce either curability 
of the obtained composition or mechanical strength of the cured body. Furthermore, 
constituent (Ai) may comprise an organopolysiloxane of one type or a mixture of 
organopolysiloxanes of two or more types. There are no restrictions with regard to the state 
at 25°C, and the organopolysiloxanes may be, e.g., in a liquid or in a solid state. When 

30 constituent (A i) is in a solid state, it can be used with an organic solvent or it can be heated 
and uniformly mixed with another component. In order to provide good miscibility with 
another component and to facilitate handleability, it is recommended to use constituent 
(A|) in a liquid state. Also, there are no restrictions with regard to the mass average 
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molecular weight of constituent (A|), but it is recommended that this characteristic be in 
the range of 500 to 10,000, preferably 750 to 3,000. 

[0015] Examples of the organopolysiloxanes that can be used as constituent (Ai) are 
given below by way of chemical formulas, wherein "a", "b", and "c" are the same as 
5 defined above. However, both "a" and "b" aie numbers which are not equal to zero, and 
"c' " and "c" " are numbers which should satisfy the following conditions: 0.1 < c' < 0,8; 
0 < c" < 0.2; 0.2 < {c' + c") < 0.9; 0.2 < c" / (c' + c"); "G" designates a 3-glycidoxypropyl 
group, and "E" designates a 2-(3,4-epoxycyclohexyI) ethyl group. 

[G(CH3)2 SiO,/2]a [CfiHs Si03y2]c 
10 [E(CH3)2 SiO,«]a [CfiHs Si03/2]c 

[G(CH3)2 SiO,/2]a [(CH3)2Si02/2]h [CfiHj SiOa/ilc 
[E(CH3)2 SiOiflla [(CH3)2 Si02,2]b [CeHj SiOj^lc 
[GCH3 Si02/2]b [CeHs SiOm]<^ 
[ECH3 Si02/2]b[C6H5Si03/2]c 
1 5 [G(CH3)2 SiO i/2]a [CsHs Si03/2]c' [CHj SiOmh 

[E(CH,)2 SiO,/2]a [CsHs Si03/2]c- [CHa SiOj/ilc- 

[C6H5Si03/2k[GSi03/2k 
[C6H5Si03/2]c-[ESi03/2]c" 

[0016] There are no special restrictions with regard to the method of manufacturing 
20 constituent (Ai). For example, this constituent can be prepared according to the following 

methods: 

by subjecting a phenyltrialkoxysilane and an alkoxysilane having epoxy-containing 
monovalent organic groups, e.g., 3-glycidoxypropyltrimethoxysilane or 
2-(3,4-epoxycyclohexyl) ethyltrimethoxysilane, to co-hydrolysis and condensation; 

25 by subjecting the aforementioned alkoxysilane having epoxy-containing 

monovalent organic groups and a silanol-containing organopolysiloxane, which is obtained 
by subjecting phenyltrichlorosilane or phenyltrialkoxysilane to hydrolysis and 
condensation, to a dealcoholation condensation reaction; 

by subjecting phenyltrichlorosilane or phenyltrialkoxysilane to co-hydrolysis and 

30 condensation in the presence of silanes that contain dimethylchlorositane or a similar silane 
having silicon-bonded hydrogen atoms and then subjecting the obtained 
organopolysiloxane that has silicon-bonded hydrogen atoms and an olefin having epoxy- 
containing monovalent organic groups to a hydrosilylation reaction; 
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by subjecting an organopolysiloxane obtained by subjecting phenyl trichlorosi lane 
or phenyltrialkoxysilane to hydrolysis and condensation and a copolymer of 
dimethylsiloxane and methyl (3-glycidoxypropyl) siloxane capped at both molecular 
terminals with trimethylsiloxy groups, or a copolymer of dimethylsiloxane and methyl 
5 {2-(3,4-epoxycyclohexyl) ethyl} siloxane capped at both molecular terminals with 
trimethylsiloxy groups, to an equilibrium reaction in the presence of a basic catalyst; 

by subjecting an organopolysiloxane composed of siloxane units represented by 
formula; CeHjSiOj^ and a cyclic methyl (3-glycidoxypropyl) siloxane, or a cyclic methyl 
{2-(3,4-epoxycyclohexyl) ethyl} siloxane, to an equilibrium reaction in the presence of a 

10 basic catalyst; or 

by subjecting an organopolysiloxane composed of siloxane units represented by 
formula: CeHsSiOs/a and a cyclic methyl (3-glycidoxypropyl) siloxane or a cyclic methyl 
{2-(3,4-epoxycyclohexyl) ethyl} siloxane and a cyclic dimethylsiloxane to an equilibrium 
reaction in the presence of an acidic or basic catalyst. 

1 5 [0017] Furthermore, in the formula of component (A2), represents an optionally 
substituted monovalent hydrocarbon group that is free of unsaturated aliphatic bonds. 
Specific examples of such groups are the following: methyl, ethyl, propyl, butyl, pentyl, 
hexyl, or similar alkyl groups; cyclopentyl, cyclohexyl, cycloheptyl, or similar cycloalkyl 
groups; phenyl, tolyl, xylyl, or similar aryl groups; benzyl, phenethyl, phenylpropyl, or 

20 similar aralkyl groups; 3-chloropropy), 3,3,3-trifluoropropyl, or similar halogenated alkyl 
groups. Most preferable of the above groups are alkyl groups, especially methyl groups. 
Fuitliermore, in the above formula is a bivalent organic group represented by ethylene, 
methylethylene, propylene, hutylene, pentylene, hexylene, or similar alkylene groups; 
ethyleneoxyethylene, ethyleneoxypropylene, ethyleneoxybutylene, 

25 propyleneoxypropylene, or similar alkyleneoxyalkylene groups. Most preferable of these 
groups are alkylene groups, in particular, ethylene groups. In the above formula, "m" is an 
integer equal to or greater than I and represents the degree of polymerization of the 
organopolysiloxane in the main molecular chain. There are no special restrictions with 
regard to the value of "m", but it is recommended that "m" be an integer that does not 

30 exceed 500. 

[0018] In the above formula : 

A-R'-(R^SiO)m R\Si-R*-A. 
"A" is an organopolysiloxane residue represented by the following average unit formula: 
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(XR%SiOi/2)d(Si04/2)e, 

where R"* represents an optionally substituted monovalent hydrocarbon group that is free of 
unsatwated aliphatic bonds; R" is represented by the same groups that have been shown 
above, of which most preferable are alkyl groups, in particular, methyl groups. In the 
5 aforementioned formula, X designates a single bond, a hydrogen atom, a group represented 
by R", an epoxy-containing monovalent organic group, or an alkoxysilylalkyl group. These 
groups represented by R* can be exemplified by the same groups as above. The epoxy- 
containing monovalent organic group may be the same as the epoxy-containing 
monovalent organic group exemplified above for R', R\ and R^ The alkoxysilylalkyl 

1 0 group can be exemplified by trimethoxysilylethyl, trimethoxysilylpropyl, 

dimethoxymethylsilylpropyl, methoxydimethylsilylpropyl, triethoxysilylethyl, or 
tripropoxysilylpropyl. However, in one molecule at least one X should be a single bond, 
and this bond is used in the aforementioned diorganopolysiloxane for bonding R*. 
Furthemiore, at least one X in one molecule is an epoxy-containing monovalent organic 

1 5 group, preferably a glycidoxyalkyl group, and most preferably a 3-glycidoxypropyl group. 
In the above formula, "d" is a positive number, "e" is a positive number, and "d/e" is a 
positive number in the range of 0.2 to 4. 

[0019] There are no special restrictions with regard to the molecular weight of 
component (A^), but it is recommended that the mass average molecular weight range from 
20 500 to 1 ,000,000. Also, there are no restrictions with regard to the state of component (A2) 
at 25*'C, but the liquid state is preferable. It is recommended that the viscosity of 
component (A2) at 25''C range from 50 to 1 ,000,000 mPa-s. This component can be 
prepared, e.g., by a method described in Kokai H06-56999. 

[0020] In the composition of the invention, component (A) may comprise either 
25 aforementioned constituent (A|) or (A2) separately or in a mixture, but it is recommended 
to use at least constituent (A2). More specifically, component (A) may be represented by 
constituent (A2) alone or in a mixture of (Ai) and (A2). When component (A) is a mixture 
of (Ai) and (A2), there are no special restrictions with regard to the amount in which 
constituent (A2) can be used, but it is recommended to add this constituent in an amount of 
30 0, 1 to 800 parts by mass, preferably 1 to 500 parts by mass, and most preferably 10 to 200 
parts by mass per 100 parts by mass of constituent (Ai). If constituent (A2) is used in an 
amount less than the recommended lower limit, this will impair flexibility of the cured 
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body obtained from the composition. If constituent (A2) is used in an amount exceeding the 
recommended upper limit, this will make the composition too viscous. 
[0021] A curing agent used for interaction with epoxy resin and constitutes component 
(B) reacts with epoxy groups of component (A) and causes curing of the composition. 
5 Component (B) should preferably comprise a compound that contains in one molecule two 
or more functional groups that react with epoxy groups. The aforementioned fiinctional 
groups are exemplified by the following groups: primary amine, secondary amine, 
hydroxyl, phenolic hydroxyl, carboxylic acid, acid anhydride, mercapto, or silanol groups. 
From the viewpoint of better reactivity and longer pot life, the phenolic hydroxyl group is 

1 0 preferable. More specifically, component (B) may comprise a compound that contains a 
phenolic hydroxyl group. Examples of such compounds are the following: phenol novolak 
resin, cresol novolak resin, bisphenol A-type compound, or a similar phenol-type resin; 
and an organopolysiloxane having phenolic hydroxyl groups. From the viewpoint of 
improved flexibility of a cured body obtained from the composition, it is preferable to use 

1 5 an organosiloxane that contains in one molecule at least two phenolic hydroxyl groups. 
There are no special restrictions with regard to the amount in which such phenolic 
hydroxyl groups can be contained in the organosiloxane, but it is recommended that the 
equivalent amount of phenolic hydroxyl groups (which is a value obtained by dividing the 
mass average molecular weight of the present component by the number of phenolic 

20 hytiroxyl groups contained in one molecule) does not exceed 1,000 and for better 
reactivity, does not exceed 500. 

(0022] It is preferable that the organosiioxane of component (B) that contains phenolic 
hydroxyl groups be represented by the following formula: 
RSsiO(R^SiO)„ SiRS 

25 where is an optionally substituted monovalent hydrocarbon group or a monovalent 

organic group that contains a phenolic hydroxyl group. Furthermore, at least one R* in one 
molecule is a monovalent organic group that contains a phenolic hydroxyl group. The 
aforementioned monovalent hydrocarbon group is exemplified by methyl, ethyl, propyl, 
butyl, pentyl, hexyl, or similar alky! groups; cyclopentyl, cyclohexyl, cycloheptyl, or 

30 similar cycloalkyi groups; phenyl, tolyl, xylyl, or similar aryl groups; benzyl, phenethyl, 
phenylpropyl, or similar aralkyl groups; 3-chloropropyl, 3,3,3-trifluoropropyl, or similar 
halogenated alkyl groups, of which alkyl and aryl groups are preferable, particularly 
methyl and phenyl groups. Furthermore, the monovalent organic groups that contain 
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phenolic organic groups can be exemplified by the formulas given below, where 
designates bivalent organic groups such as ethylene, methylethytene, propylene, butylene, 
pentyiene, hexylene, or similar alkylene groups; ethyleneoxyethylene, 
ethyleneoxypropylene, ethylenoxybutylene, propylenoxypropylene, or similar 
5 alkyleneoxyalkylene groups. It is preferable that the above groups be alkylene groups, in 
particular, propylene groups. 
[0023] 




1 5 [0024] In the above formulas, "n" is an integer in the range of from 0 to 1 ,000, 

preferably 0 to 100, and most preferably 0 to 20. If "n" exceeds the recommended upper 
limit, this will impair compounding with component (A) and handleability. 
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[0025] Aforementioned component (B) is exemplified by organosiloxanes represented 
by the formulas given below, where "x" is an integer from 1 to 20, and "y" is an integer 
from 2 to 10. 

HO 

CH3 CH3 )=, 

<\ /^-CHsCHsCHa-Si-O—Si— CH2CH2CH2-4 /> 
CHj CH3 

<x ^CHsCHzCHa-Si-O-Si— CHjCHzCHj-H^ ^ 
5 CH3 CH3 

>=\ 1"^ ■ r=\ 

^ ^ CH3 CH3 

PH HO, 

<^ y-CHaCHaCHz-Si-O-Si-CHzCHzCHz-Hl y 



/ \-CH2CH2CH2-Si-O — Si-O-Si-CHzCHzCHa-/ \ 
^ ' ru. nM- ^ ' 



CH3 CHg >== 



^ J\ CH3 ^ ^ 
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HO- 



CH3O 





OH 




■CH2CH2CH2- 




CH3 



CH3- 



■Si-< 



CH3 



[0026] There are no special restrictions with regard to the method that can be used for 
5 manufacturing component (B), For example, this component can be obtained by subjecting 
an alkenyl-containing phenol compound and an organopolysiloxane that has silicon- 
bonded hydrogen atoms to a hydrosilylation reaction. 

[0027] There are no special restrictions with regard to the state of component (B) at 
25°C, and it can be in a liquid or solid form. The liquid form is preferred from the 

1 0 viewpoint of miscibility with other components and easier handling. It is recommended 
that the viscosity of component (B) at 25°C be in the range of 1 to 1,000,000 mPa s, 
preferably 10 to 5,000 mPa s. If the viscosity at 25°C is below the recommended lower 
limit, the obtained cured body will have reduced mechanical strength. If, on the other hand, 
the viscosity exceeds the recommended upper limit, this will impair handleabiiity of the 

15 composition. 

[0O28] There are no special restrictions with regard to amounts in which component 
(B) can be used in the composition, but, in general, it is recommended to use this 
component in an amount of 0.1 to 500 parts by mass, preferably in the range of 0. 1 to 200 
parts by mass per 100 parts by mass of component (A). When component (B) contains 
20 phenolic hydroxyl groups, it is recommended that the mole ratio of the phenolic hydroxyl 
groups contained in component (B) to all epoxy groups contained in the composition be in 
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the range of 0.2 to 5, preferably 0.3 to 2.5, and most preferably 0.8 to 1.5. If the mole 
ratio of the phenolic hydroxyl groups contained in component (B) to all epoxy groups 
contained in the composition is below the recommended lower limit, it will be difficult to 
ensure complete curing of the obtained composition. If, on the other hand, the 
5 aforementioned ratio exceeds the recommended upper limit, this will impair mechanical 
properties of the cured body obtained from the composition. 

[0029] The thermally conductive metal powder that constitutes component (C) is used 
for imparting thermal conductivity to the cured body obtained from the composition. 
Component (C) is exemplified by powders of the following metals: gold, silver, copper, 

1 0 nickel, brass, shape-memory alloy, solder, or a similar metal powder. These powders can 
comprisemetal-plated or coated organic or inorganic powders. It is preferable that metal 
powders of at least one type be selected from gold, silver, copper, or nickel. There are no 
special restrictions with regard to the shape of the particles that constitute component (C), 
and the particles may have the shape of crushed particles or irregular, spherical, fiber-like, 

1 5 rod-like, flake-like, scale-like, plate-like, or a coiled shape. To obtain a cured body of high 
thermal conductivity, it is preferable that component (C) be silver powder, in particular, 
flake-shaped silver powder. There are no special restrictions with regard to the size of 
particles of component (C), but generally the maximum size of such particles should not 
exceed 200 jam and should have an average size of 0.001 to 50 ^m, 

20 [0030] There are no special restrictions with regard to the amoimt in which component 
(C) can be used in the composition. It can be recommended, however, to add component 
(C) in an amount not exceeding 2,000 parts by mass, specifically in an amount of 10 to 
2,000 parts by mass, and preferably 50 to 1,000 parts by mass, per 100 parts by mass of the 
sum of components (A) and (B). If component (C) is used in an amount smaller than the 

25 recommended lower limit, it will be difficult to provide the cured body with high heat- 
conductive properties. If, on the other hand, component (C) is used in an amount exceeding 
the recommended upper limit, the obtained composition will be difficuU to handle. 
(0031] Component (D) is a thermally conductive nonmetal powder which is used for 
imparting heat-conductive properties to the cured body obtained by curing the composition 

30 of the invention. When this component is used in combination with component (C), this 
improves flowability of the obtained composition and reduces specific gravity of the cured 
body without noticeably reducing heat-conductive properties. Component (D) may be 
exemplified by alumina, zinc oxide, magnesia, titania, crystalline silica, or a similar metal 
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oxide; aluminum nitride, boron nitride, or a similar metal nitride; silicon carbide, or a 
similar metal carbide; aluminum hydroxide, magnesium hydroxide, or a similar metal 
hydroxide; carbon nanotubes, carbon microfibers, diamond, graphite, or similar carbon- 
system materials. It is preferable that a thermally conductive nonmetal powder of at least 
5 one type be selected from the group consisting of metal oxide, metal nitride, and metal 
carbide, in particular, be selected from the group consisting of alumina, zinc oxide, 
aluminum nitride, boron nitride, and silicon carbide. Most preferable component (D) is an 
alumina powder that is readily available and easily miscible with the composition. There 
are no special restrictions wdth regard to the shape of the particles of component (D), and 

10 the particles may have the shape of crushed particles or irregular, spherical, fiber-like, rod- 
like, flake-like, scale-like, plate-like, or a coiled shape. For example, the powder may 
comprise a mixture of irregularly shaped particles and spherical particles. There are no 
special restrictions with regard to size of the particles, but normally the maximum size of 
the particles should not exceed 200 ^m and should have an average size of 0.001 to 50 jim. 

1 5 [0032] There are no special restrictions with regard to an amount in which component 
(D) can be added to the composition. In general, however, component (D) can be added in 
an amount not exceeding 2,000 parts by mass, specifically, 1 0 to 2,000 parts by mass, and 
preferably 50 to 1,000 parts by mass, per 100 parts by mass of the sum of components (A) 
and (B). If component (D) is contained in an amount of less that the recommended lower 

20 limit, it will be difficult to impart sufficiently high thermal conductivity to the cured body. 
On the other hand, if the content of component (D) exceeds the recommended upper limit, 
the obtained composition will be difficult to handle. It is reconmiended that the total 
amount of components (C) and (D) be lower than 2,000 parts by mass, and preferably be in 
the range of 10 to 2,000 parts by mass per each 100 parts by mass of the sum of 

25 components (A) and (B). 

[0033] If necessary, the composition may contain an arbitrary component such as (E) a 
curing acceleration agent. Such component (E) may be represented by a tertiary amine 
compound, an organometallic compound such as organoaluminum compound, an 
oganozirconium compound, or the like; phosphine, or a similar organophosphorous 

30 compound; as well as heterocyclic amin compound, boron complex compound, organic 
ammonium salt, organic sulfonium salt, organic peroxide, and reaction products of the 
above compounds. Specific examples of such compounds are the following: 
triphenylphosphine, tributylphosphine, tri(p-methylphenyl) phosphine, tri(nonylphenyl) 
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phosphine, triphenylphosphine-triphenyborate, tetraphenylphosphine-tetraphenyborate, or 
similar phosphorous compounds; triethylamine, benzyldimethylamine, 
a^methylbenzyldimethylamine, 1,8-diazobicyclo [5,4,0] undecene-7, or a similar tertiary 
amine; 2-methyliniidazole, 2-phenyl-4-niethyhmidazole, or a similar imidazole compound, 
5 in order to extend the use time of the composition of the invention, component (E) may 
comprise a curing-accelerating agent in an encapsulated form. Such an encapsulated 
curing-accelerating agent, which may comprise an encapsulated amine-type curing 
accelerator made from a bisphenol-A epoxy resin that contains an amine-type curing 
accelerating substance, can be purchased from Asahi Kasei Co., Ltd.; trademark HX-3088. 

1 0 [0034] There are no special restrictions with regard to the amount in which component 
(E) can be added to the composition, but in general it can be reconunended that this 
component be contained in an amount not exceeding 50 parts by mass, in particular, in an 
amount of 0.01 to 50 parts by mass, and most preferably, 0.1 to 5 parts by mass, per 100 
parts by mass of the suiii of components (A) and (B). If the content of component (E) in 

1 5 the composition is below the recommended lower limit, this will provide insufficient 
acceleration of the curing process. If, on the other had, the content of component (E) 
exceeds the recommended upper limit, this will impair mechanical properties of a body 
obtained by curing the composition. 

[0035] In order to further improve curability and handleability of the composition, as 
20 well as adhesive properties of the cured body, and to adjust modulus of elasticity of the 
latter, the composition may be combined with other organic epoxy components. There are 
no special restrictions with regard to the state of such organic epoxy compounds at 25°C, 
and they may be liquid or solid, but the liquid state is preferable. Such epoxy organic 
compounds may be represented by a bisphenol-A epoxy resin, bisphenol-F epoxy resin, 
25 and an alicyclic epoxy resin. There are no special restrictions with regard to the amount in 
which the aforementioned organic epoxy compounds can be used, but in general they 
should be added in an amount that does not exceed 500 parts by mass, and preferably in the 
range of 0.1 to 500 parts by mass per 100 parts by mass of the sum of components (A) and 
(B). 

30 [0036] In order to improve adhesive properties of the composition, the composition 
can be combined with a coupling agent. This coupling agent can be exemplified by a 
titanate coupling agent, a silane coupling agent, or a similar coupling agent. A titanate 
coupling agent may comprise i-propoxytitanium tri(i-isostearate). A silane coupling agent 
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may comprise 3-glycidoxypropyl trimethoxysilane, 3-glycidoxypropyl 
methyldiethoxysilane, 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, or a similar epoxy- 
containing alkoxysilane; N-(2-aminoethyl)-3-amjnopropyl trimethoxysilane, 
3-aminopropyl triethcxysilane, N-phenyl-3-aminopropyl trimethoxysilane, or a similar 
5 amine-containing alkoxysilane; and 3-mercaptopropyl trimethoxysilane, or a similar 
mercapto-containing alkoxysilane. There are no special restrictions with regard to the 
amount in which the aforementioned silane coupling agent can be used, but in general it is 
recommenced to add this agent in an amount not exceeding 10 parts by mass, preferably 
0.01 to 10 parts by mass per 100 parts by mass of component (A). 

1 0 [0037] The composition of the invention can also be combined with other arbitrary 
components such as tetramethoxysilane, tetraethoxysilane, dimethyldimethoxysilane, 
methylphenyldimethoxysilane, methylphenytdiethoxysilane, phenyltrimethoxysilane, 
methyltrimethoxysilane, methyltriethoxysilane, vinyltrimethoxysilane, 
allyltrimethoxysilane, allyltriethoxysilane, or octadecyltrimethoxysilane, or a similar silane 

1 5 that contains a long-chain hydrocarbon group, or other alkoxysilanes. 

[0038] In order to improve mechanical strength of a cured body, the composition may 
contain a filler, such as fused silica, precipitated silica, fumed silica, baked silica, baiked 
clay, glass beads, talc, calcium carbonate, clay, barium sulfate, berylHum oxide, kaolin, 
mica, zirconium, or a similar inorganic filler. 

20 [0039] In order to reduce viscosity and to improve handleability of the composition 
and to reduce modulus of elasticity of the cured body, in addition to component (A) and 
(B), the composition may also include another organosiloxane that contains epoxy or 
phenolic hydroxyl groups and reactive fiinctional groups. Such functional groups may 
comprise epoxy-reactive primary amine groups, secondary amine groups, hydroxyl groups, 

25 phenolic hydroxyl groups, carboxylic acid groups, acid-anhydride groups, mercapto 

groups, or silanol groups. From the viewpoint of better reactivity and pot life, the use of 
phenolic hydroxyl groups is preferable. When component (B) contains phenolic hydroxyl 
groups, it is recommended that the functional groups thereof comprise epoxy groups. It is 
recommended that such other organosiloxanes have a fimctional-group equivalent greater 

30 than that of component (B) and molecular weight and viscosity lower than those of 

component (A). Such organosiloxanes can be exemplified by a polyorganosiloxane having 
a glycidoxypropyl group only on one molecular terminal, a polyorganosiloxane having 
glycidoxypropyl groups on both molecular terminals, a polyorganosiloxane having a 
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phenolic hydroxyl group only on one molecular terminal, or a polyorganosiloxane 
represented by the following general formula: 

R'*(R''2SiO)p R^Si-R=-RSSiOSiR''f (OSiR''2R^)3-f 
(where R'' is an optionally substituted monovalent hydrocarbon group that is free of 
unsaturated aliphatic bonds; R* is a bivalent organic group; R^ is a monovalent 
hydrocarbon group that contains phenolic hydroxyl groups; "f ' is 0 or 1 ; and "p" is an 
integer ranging from 1 to 400). The optionally substituted monovalent hydrocarbon group 
that is free of unsaturated aliphatic bonds and is designated in the above formula by R 
may be the same as exemplified above. It is preferable that the group designated by R"* be 
an alkyl group, in particular, a methyl group. The bivalent organic group designated in the 
above formula by R^ may be the same group as exemplified above. It is preferable that the 
group designated by R* be an alkylene group, in particular, ethylene group. Furthermore, 
the monovalent hydrocarbon group that contains phenolic hydroxyl groups and is 
designated in the above formula by R* may be the same group as the hydrocarbon group 
that contains phenolic hydroxyl group and was earlier designated by R*. In the above 
formula, "f ' is 0 or 1 ; "p" is an integer ranging from 1 to 400, preferably 1 to 100, and 
most preferably 1 to 50. The aforementioned polyorganosiloxane that contains a phenolic 
hydroxyl group may comprise a dimethylpolysiloxane of the following formula: 

(CH3)3SiO[(CH3)2SiO]25Si(CH3)2 - Z 

where Z is represented by the following formula: 



CHa CH3 



I. 



-CHaCHj-Si-O-Si-O-Si— CHzCHzCHa-^^ n 



|i-CH2CH2CH2-^ y 



or a dimethylpolysiloxane of the following formula: 

(CH3)3SiO[(CH3)2SiO]2sSi(CH3)2 - Z' 

where Z' is represented by the following formula: 
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CH3 




HO. 



CH3 0 CH3 
-CHzCHz-Si-O-Si-O-Si— CH2CH2CH2- 
CH3 O CH3 



CH3 



CH3 




[0040] There are no special restrictions with regard to the amount in which the 
aforementioned organosiloxane that contains epoxy groups or phenolic hydroxyl groups 
and reactive functional groups can be used, but in general it is recommended to use such an 
5 organosiloxane in an amount not exceeding 500 parts by mass, preferably in the range of 
0.1 to 500 parts by mass per 100 parts by mass of the sum of components (A) and (B). 
[0041] In order to reduce viscosity and improve handleability of the composition, the 
latter can be combined with a solvent. There are no special restrictions with regard to the 
type of a solvent, provided that it dissolves components (A) and (B), but preferably the 

1 0 solvent should have low molecular weight and possess volatility. Such a solvent can be 
represented by hexane, heptane, or a similar aliphatic hydrocarbon; toluene, xylene, or a 
similar aromatic hydrocarbon; and acetone, methylethylketone, or a similar ketone. There 
are no special restrictions with regard to the amount in which the solvent can be added to 
the composition, but in order to improve workability of the composition, the solvent should 

1 5 be added in an amount not exceeding 1 00 parts by mass per 1 00 parts by mass of the sum 
of components (A) and (B). 

[0042] The composition of the invention is prepared by mixing the components (A) to 
(D), if necessary, with an addition of the arbitrary components. There are no special 
restrictions with regard to a method used for the preparation of the composition. For 
20 example, all the components can be mixed simultaneously, or components (C) and (D) can 
be added after premixing components (A) and (B), if necessary, with the arbitrary 
components. Also, there are no limitations with regard to equipment that can be used for 
mixing. For example, this can be a single-shaft-type or a two-shaft-type continuous mixer, 
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a two-roll mill, a Ross mixer, a Hobart mixer, a dental mixer, a planetary mixer, or a 

kneader mixer. 

[0043] The composition of the invention is suitable for transfer molding, injection 
molding, potting, casting, powder application, application by dipping, dripping, etc. 
5 Methods of use can be selected from potting, dispensing, screen printing, coating, etc. 
In order to facilitate the use of the composition in small quantities, a liquid or paste-like 
state is preferable. Since curing of the composition forms a heat-conductive cured body 
that is characterized by excellent flexibility and high adhesive properties, the composition 
can be used as a sealing sunbstance, a cast-molding composition, a coating composition, a 
10 heat-radiating composition, etc. In particular, for removal of heat, the composition can be 
used as a thermal interface material (TIM). 

[0044) The following is a detailed description of an electronic component of the 
present invention. The electronic component of the invention is characterized by the fact 
that it is sealed and bonded with the use of a cured body of the composition of the 
1 5 invention. Such a component may comprise a diode, transistor, thyristor, monolithic IC, 
hybrid IC, LSI, or VLSI. Examples of semiconductor elements of the invention are 
semiconductor elements used in diodes, transistors, thyristors, monolithic ICs, or hybrid 
ICs. 

[0045] Fig. ] is a cross-sectional view of an LSI shown as an example of an electronic 
20 component of the invention. An electronic component shown in this drawing uses a cured 
body of the curable silicone composition of the invention as a heat-radiation material, 
in particular, as a thermal transfer material (TIM). The electronic component of Fig, 1 
consists of a semiconductor element 1 electrically connected to a circuit-carrying substrate 
2 via solder biunps, e.g., ball-grid array 3 provided on the aforementioned semiconductor 
25 element. The substrate 2 can be made from a glass-fiber-reinforced epoxy resin, Bakelite 
resin, phenolic resin, or a similar resin; alumina, or a similar ceramics; and copper, 
aluminum, or a similar metal. Semiconductor elements other than element 1 that can be 
installed on the substrate are resistors, capacitors, coils, etc. Shovm in Fig. I between the 
semiconductor element 1 and the substrate 2 is an underfiller material. However, the use of 
30 an underfiller material is optional. 

[0046] Installed between the semiconductor element 1 and a heat spreader 4 is a 
thermal-transfer material 5, and the heat spreader 4 is connected to a heat sink 6 via a 
thermal-transfer material 7. The heat spreader 4 and the heat sink 6 can be made from 



wo 2008/032575 



19 



PCT/JP2007/066829 



aluminum, copper, nickel, or a similar metal. The electronic component shown in Fig. 1 is 
characterized by the fact that the thermal-transfer materials 5 and/or 7 thereof comprise 
cured bodies of the curable silicone composition of the invention. The cured bodies of the 
curable silicone composition of the invention may be used either for bonding the 
5 semiconductor element 1 to the heat spreader 4 or for bonding the heat spreader 4 to the 
heat sink 6. For convenience of maintenance, it is recommended that the thermal-transfer 
material used in the electronic device of the invention comprise a heat-conductive grease, 
or the like. 

[0047] There are no special restrictions with regard to the method of manufacturing 
1 0 the electronic component of the invention. For example, the following method can be used 
for manufacturing the electronic component of Fig. 1. First a semiconductor element 1 is 
installed on the substrate 2, and the semiconductor element 1 is electrically connected to 
the substrate by means of the ball-grid array 3. Following this, an underfiller material is 
introduced added, if necessary. At the next step, the surface of the semiconductor element 
15 1 is coated with a thermally conductive curable silicone composition, a heat spreader 4 is 
installed, and the curable silicone composition is cured. Next, the heat spreader 4 is coated 
with the thermally conductive curable silicone composition or the thermally conductive 
grease, and the heat sink 6 is installed. If the coating is made from the curable silicone 
composition, the latter is cured. 

20 Examples 

[0048] The curable silicone composition and the electronic component of the present 
invention will now be described in more details with reference to application and 
comparative examples. The characteristics of the ciirable silicone composition and the 
cured body produced therefrom were measured by the methods described below. In the 
25 subsequent examples, mass-average molecular weight is a polystyrene-referenced mass- 
average molecular weight determined by gel-permeation chromatography with use of 
toluene as a solvent. 

[Viscosity] 

[0049] Viscosity of the curable silicone composition at 25''C was determined by using 
30 an E-type viscometer (the product of TOKIMEC Co., Ltd., Digital Viscometer DV-U-E, 
Type II; 2. 5 rpm). 

[Composite Modulus of Elasticity] 
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[0050] A curable silicone composition was defoamed at 70 mmHg, poured into a mold 
having a cavity with the following dimensions: length 50 mm x width 10 mm x depth 2 
mm, subjected to compression curing for 60 min. under conditions of 130°C and 2.5 MPa, 
and then to secondary heat treatment for 3 hours in an oven at 150°C, whereby a cured 
specimen was produced. This specimen was used for determining flexibility of the cured 
body by measuring a composite modulus of elasticity at 25°C with the use of the ARES 
rheometer (instrument for measuring viscoelasticity, the product of RJieometric Scientific 
Co,, Inc., Model RDA700). Measurement was carried out at I Hz frequency and 0.5% 
twist. 

[Thermal Resistance and Thermal Conductivity] 

[0051] A curable silicone composition was sandwiched between a pair of silicon chips 
so that the composition formed a 50 nm-thick layer, and the composition was then cured 
by heating the assembly for 1 hours at 130°C in a hot-air-circulation oven. Following this, 
the product was subjected to post-curing for 3 hours at \50°C in a hot-air-circulation oven. 
As a result, a thermal-resistance-measurement specimen was produced. Thermal resistance 
and coefficient of thermal conductivity of a cured body were determined by measuring 
these characteristics on the aforementioned specimen with the use of a thermal-resistance 
measurement instrument of Hitachi Seisakusho Co., Ltd. 

[Practical Example 1] 

[0052] A curable silicone composition was prepared by mixing the following 
components: 

5.0 parts by mass of a dimethylpolysiloxane (mass-average molecular weight = 
47,900; viscosity = 7,400 mPa-s; epoxy equivalent = 580). represented by the following 

formula: 

X-CH2CH2-[(CH3)2SiO]g4(CH3)2Si-CH2CH2-X 
{in the above formula, X is a siloxane residue represented by the following average unit 
formula: 

[Y(CH3)2SiO,/2]9[-(CH3)2SiO,/2] , [Si04/2]6 

(where Y represents 3-glycidoxypropyl group and 3-trimethoxysilylpropyl group in a ratio 

of 6:4)}; 

2.0 parts by mass of an organotrisiloxane (viscosity = 2,600 mPa s; phenolic- 
hydroxyl-group equivalent = 330) represented by the following formula: 
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HO-<C y-CHjCHjCHa-Si-O — Si-O-Si-CHaCHjCHzH^ h-OW 

^ ■> r-\A. ^4;^ rw- V-__y 



1 .0 part by mass of a mixture of bisphenol-F epoxy resin and a bisphenol-A epoxy 
resin of a 35 mass % encapsulated amine catalyst (HX-3941HP; the product of Asahi Kasei 
Co.. Ltd.); 

5 29.7 parts by mass of a flake-like silver powder (the product of Fukuda Metal Foil 

Powder Co., Ltd.; 50% average grain size = not exceeding 9 pm; tap density = 4.2 to 5.4 
g/cm^; and apparent density =^ 2.7 to 3.4 g/cm^); 

46.7 parts by mass of a spherical alumina powder with an average grain size of 8.6 

l^m; 

10 12.7 parts by mass of an irregular alumina powder with an average grain size of 3 

|im; and 

3.0 parts by mass of a dimethylpolysiloxane (mass-average molecular weight = 
2,500; viscosity = 75 mPa s; ) represented by the following formula: 
(CH3)3SiO[(CH3)2SiO]2$Si(CH3)2-Z 
1 5 (where Z is represented by the following formula: 



-CHjCHj-S 



<j:H3 {^H3 (jJHa 

■Si-O-Si-O-Si— CHjCHaCH;- ^ y 



4 



■CHaCHiCHjHi ^ 



The following characteristics of the obtained curable silicone composition were measured: 
viscosity, specific gravity of a cured body, composite modulus of elasticity, thermal 
resistance, and a coefficient of thermal conductivity. The results of measurements are 
shown in Table 1 . 



[Practical Example 2] 
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[0053] A curable silicone composition was prepared by mixing the following 
components: 

3.0 parts by mass of a dimethylpolysiloxane (mass-average molecular weight = 
47,900; viscosity = 7,400 mPa-s; epoxy equivalent = 580) represented by the following 
5 formula: 

X-CH2CH2-[(CH3)2SiO]!M(CH3)2Si-CH2CH2-X 

{in the above formula, X is a siloxane residue represented by the following average unit 
formula: 

[Y(CH3)2SiO,/2]9[-(CH3)2SiO,/2],[Si04/2l6 

1 0 (where Y represents 3-glycidoxypropyl group and 3-trimethoxysilylpropyl group in a ratio 
of 6:4)}; 

1.0 parts by mass of an organotrisiloxane (viscosity = 2,600 mPa s; phenolic- 
hydroxyl-group equivalent = 330) represented by the following formula: 




15 1.0 part by mass of a mixture of bisphenol-F epoxy resin and a bisphenol-A epoxy 

resin of a 35 mass % encapsulated amine catalyst (HX-3941HP; the product of Asahi Kasei 
Co., Ltd.); 

28.7 parts by mass of a flake-like silver powder (the product of Fukuda Metal Foil 
Powder Co., Ltd.; 50% average grain size = not exceeding 9 ^im; tap density = 4.2 to 5.4 
20 g/cm''; and apparent density = 2.7 to 3.4 g/cm^); 

49.0 parts by mass of a spherical alumina powder with an average grain size of 8.6 

urn; 

13.4 parts by mass of an irregular alumina powder vwth an average grain size of 3 
Hm; and 

25 3.0 parts by mass of a dimethylpolysiloxane (mass-average molecular weight = 

2,500; viscosity = 75 mPa s; ) represented by the following formula: 

(CH3)3SiO[(CH3)2SiO]25Si(CH3)2-Z 
(where Z is represented by the following formula: 
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CH3 CH3 
-CHaCHj-Si— O— Si-0- 
CH3 tp 



CH3 




j— CHzCHzCHj- 




CH3 

Si— CH2CH2CH2- 



CHg 




The following characteristics of the obtained curable silicone composition were measured: 
viscosity, specific gravity of a cured body, composite modulus of elasticity, thermal 
resistance, and coefficient of thermal conductivity. The results of measurements are shown 
5 in Table 1 . 

[Comparative Example 1] 

[0054] A curable silicone composition was prepared by mixing the following 
components: 



1 0 47,900; viscosity = 7,400 mPa-s; epoxy equivalent = 580) represented by the following 



X-CH2CH2-[(Cn3)2SlO]84(CH3)2Si-CH2CH2-X 

{in the above formula, X is a siloxane residue represented by the following average unit 
formula: 



(where Y represents 3-glycidoxypropyl group and 3-trimethoxysilylpropyl group in a ratio 
of6:4)}; 

1 .0 parts by mass of an organotrisiloxane (viscosity = 2,600 mPa s; phenolic- 
hydroxyl-group equivalent = 330) represented by the following formula: 



1 .0 part by mass of a mixture of bisphenol-F epoxy resin and a bisphenol-A epoxy 
resin of a 35 mass % encapsulated amine catalyst (HX-3941HP; the product of Asahi Kasei 
Co., Ltd.); 



4.2 parts by mass of a dimethylpolysiloxane (mass-average molecular weight = 



formula; 



15 



[ Y(CH3)2SiO,/2]9[-(CH3)2SiOi/2] I [Si04/2]6 



20 
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90.0 parts by mass of a flake-like silver powder (the product of Fukuda Metal Foil 
Powder Co., Ltd.; 50% average grain size = not exceeding 9 ^m; tap density = 4.2 to 5.4 
g/cm^; and apparent density = 2.7 to 3,4 g/cm'); and 

3.6 parts by nnass of a dimethylpolysiloxane {mass-average molecular weight = 
5 2,500; viscosity = 75 mPa s; ) represented by the following formula: 



The following chai aotcristics of the obtained curable silicone composition were measured: 
1 0 viscosity, specific gravity of a cured body, composite modulus of elasticity, thermal 

resistance, and coefficient of thermal conductivity. The results of measurements are shown 
in Table 1. 

[Comparative Example 2] 

[0055] A curable silicone composition was prepared by mixing the following 
15 components: 

1 3.0 parts by mass of a dimethylpolysiloxane (mass-average molecular weight = 
47,900; viscosity = 7,400 mPa-s; epoxy equivalent = 580) represented by the following 
formula: 



20 {in the above formula, X is a siloxane residue represented by the following average unit 
formula: 



(where Y represents 3-gIycidoxypropyl group and 3-triraethoxysilylpropyl group in a ratio 
of 6:4)); 



(CH3)3SiO[(CHj)2SiO]2sSi(CH3)2-Z 
(where Z is represented by the following formula: 




X-CH2CH2-[(CH3)2SiO]s4(CH3)2Si-CH2CH2-X 



[Y(CH3)2SiO,/2]9KCH3)2SiO,/2] , [SiOAfz]6 



25 



5.0 parts by mass of an organotrisiloxane (viscosity = 2,600 mPa s; phenolic- 
hydroxyl-group equivalent = 330) represented by the following formula: 
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OCH3 



-CHzCHzCHz-Si-O — Si-O-Si-CHjCHiCH,- 
CH3 CHa 




1 .0 part by mass of a mixture of bisphenol-F epoxy resin and a bisphenol-A epoxy 
resin of a 35 mass % encapsulated amine catalyst (HX-394IHP; the product of Asahi Kasei 
Co., Ltd.); 

60.8 parts by mass of a spherical alumina powder having an average grain size of 
8.6 \xm; 

16.6 parts by mass of irregular alumina powder having an average grain size of 3 
fim; and 

3,6 parts by mass of a dimethylpolysiloxane (mass-average molecular weight = 
2,500; viscosity = 75 mPa s; ) represented by the following formula: 



The following characteristics of the obtained curable silicone composition were measured: 
viscosity, specific gravity of a cured body, composite modulus of elasticity, thermal 
resistance, and coefficient of thermal conductivity. The results of measurements are shown 
in Table 1. 



(CHj)3SiO[(CH3)2SiO]25Si(CH3)2-Z 

(where Z is represented by the following fonnula: 



-CHiCHj-Si-O-Si-O-Si— CHjCHzCHj- 
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[0056] [Table 1] 



Examples 

Properties 


Present Invention 


Comparative 1 


yXamples 


Appl. Ex. 1 


Appl. Ex. 2 


Comp. Ex. 1 


Comp. Ex. 2 


Curable silicone composition 


380 


320 


80 


190 


Cured body 










Specific gravity 


2.8 


3.4 


5.4 


2.0 


Composite modulus of elasticity (MPa) 


770 


780 


300 


35 


Thermal resistance (cm^-°CAV) 


0.28 


0.18 


0.13 


0.85 


Therma! conductivity (W/m K.) 


2.11 


3.84 


5.70 


1.10 



Industrial Applicability 

[0057] The curable silicone composition of the invention is suitable for transfer 
5 molding, injection molding, potting, casting, powder application, application by dipping, 
dripping, etc. Since curing of the composition forms a heat-conductive cured body that is 
characterized by excellent flexibility and high adhesive properties, the composition can be 
used as a sealing compsition, a cast-molding composition, a coating composition, a heat- 
radiating composition, etc. In particular, for removal of heat, the composition can be used 
10 as a thermal interface material (TIM). 
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CLAIMS 

1 . A curable silicone composition comprising at least the following components: (A) 
an epoxy-containing organopolysiloxane; (B) a curing agent for an epoxy resin; (C) a 
thermally conductive metal powder; and (D) a thermally conductive nonmeta! powder. 
5 2, The curable silicone composition of Claim 1 , wherein component (A) comprises 
(Ai) an epoxy-containing organopolysiloxane represented by the following average 
unit formula: 

(R'3SiOl/2). (R^2Si02/2)b (R^Si03/2)c 

(where R', R^ and R'' are the same or different and comprise optionally substituted 
1 0 monovalent hydrocarbon groups or epoxy-containing monovalent organic groups; 

however, at least two groups should be the aforementioned epoxy-containing 
monovalent organic groups; at least 20 mole % of all groups represented by are aryl 
groups; and "a", "b", and "c" are numbers which satisfy the following conditions: 
0<a:g0.8;0^b< 0.8; 0.2 < c < 0.9; a + b + c = 1) and/or (Aj) an epoxy-containing 
1 5 organopolysiloxane represented by the following general formula: 

A-R*-(R*2SiO)m R*2Si-R*-A 
{where R"* represents an optionally substituted monovalent hydrocarbon group that is 
free of unsaturated aliphatic bonds, R^ is a bivalent organic group, and where A is an 
organopolysiloxane residue represented by the following average unit formula: 

20 (XR''2SiOi/2)d(Si04/2)e 

(where R** is the same as defined above; and X designates a single bond, a hydrogen . 
atom, a group represented by R" as defined above, an epoxy-containing monovalent 
organic group, or an alkoxysilylalkyl group; however, at least one X is a single bond, 
and at least one X is an epoxy-containing monovalent organic group; "d" is a positive 
25 number; "e" is a positive number; and "d/e" is a positive number from 0.2 to 4); and 

"m" is an integer equal to or greater than 1 }. 

3. The curable silicone composition of Claim 1, wherein component (B) is a 
compound that contains a phenolic hydroxy! group. 

4. The curable silicone composition of Claim 3, wherein component (B) is an 

30 organosiloxane that contains in one molecule at least two phenolic hydroxyl groups. 
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5. The curable silicone composition of Claim 3, wherein component (B) is an 
organosiloxane represented by the following general formula: 

R^SiO {R^2SiO)n SiRS 
(where R^ is an optionally substituted monovalent hydrocarbon group. or a monovalent 
5 organic group that contains phenolic hydroxyl groups; however, at least two groups 

represented by R* contained in one molecule are the aforementioned monovalent 
organic groups that contain phenolic groups; and "n" is an integer from 0 to 1,000). 

6. The curable silicone composition of Claim 1 , wherein component (B) is contained 
in an amount of 0. 1 to 500 parts by mass per 100 parts by mass of component (A). 

10 7. The curable silicone composition of Claim 1 , wherein component (C) is a thermally 
conductive metal powder of at least one type selected from the group consisting of 
gold, silver, copper, and nickel. 

8. The curable silicone composition of Claim 1 , wherein component (C) is contained 
in an amoimt of 10 to 2,000 parts by mass per 100 parts by mass of the sum of 

15 components (A) and (B). 

9. The curable silicone composition of Claim 1 , wherein component (D) is a thermally 
conductive nonmetal powder of at least one type selected from the group consisting of 
metal oxide, metal nitride, and metal carbide. 

1 0. The curable silicone composition of Claim 1 , wherein component (D) is a thermally 
20 conductive nonmetal powder of at least one type selected from the group consisting of 

alumina, zinc oxide, aluminum nitride, boron nitride, and silicon carbide-. 

1 1 . The curable silicone composition of Claim 1 , wherein component (D) is contained 
in an amount of 10 to 2,000 parts by mass per 100 parts by mass of the sum of 
components (A) and (B). 

25 12. The curable silicone composition of Claim 1 , further comprising (E) a curing 
accelerator. 

13. The curable silicone composition of Claim 12, wherein component (E) is an 
encapsulated amine-type curing accelerator. 
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14. The curable silicone composition of Claim 12, wherein component (E) is contained 
in an amount of 0.0 1 to 50 parts by mass per 1 00 parts by mass of the sum of 
components (A) and (B). 

15. An electronic device sealed or adhesively bonded with use of a cured body 

5 obtained by curing a curable silicone composition according to any of claims 1 to 14. 
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